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MODIFIED ”S” ANTIBODIES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of provisional 
application serial No. 60/388,896 ?led Jun. 14, 2002. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to the ?eld of antibodies, and 
particularly to modi?ed antibodies, methods of preparing 
modi?ed antibodies and uses thereof. More particularly, the 
invention relates to the preparation of more active IgG 
antibodies by the addition of an extra immunoglobulin 
domain to the constant region. 

[0004] 2. Background and Related Art 

[0005] For several decades antibodies have been indis 
pensable in research and diagnosis and more recently in the 
therapeutic treatment of diseases due to their speci?c bind 
ing properties and high stability. Monoclonal antibodies 
Were initially produced by fusing a chosen B cell line With 
an immortal myeloma cell line to produce hybridomas, 
immortal cells that secrete only the selected antibody type of 
the selected B cell clone. The use of recombinant DNA 
technologies has enabled neW methods of producing anti 
bodies as Well as the design of neW antibody constructs. 

[0006] Structurally, each antibody is formed by the inter 
action of tWo identical “heavy” chains and tWo identical 
“light” chains, all of Which combine to form a Y shape 
molecule (the heavy chains span the entire Y, and the light 
chains the tWo arms only). An immunoglobulin G antibody 
molecule contains complementary determining regions 
(CDRs) Which determine antigen binding, constant regions 
that determine effector function and frameWork regions. An 
antibody construct can include any protein or peptide con 
taining molecule that comprises at least a portion of an 
immunoglobulin molecule, such as but not limited to at least 
one CDR of a heavy or light chain or a ligand binding 
portion thereof, a heavy chain or light chain variable region, 
a heavy chain or light chain constant region, a frameWork 
region, or any portion thereof. An antibody fragment can 
include the fragment of the immunoglobulin molecule 
knoWn as the Fab containing the CDR antigen binding site, 
generated by cleavage of the antibody With the protease 
papain Which cuts at the “hinge” region of the Y shaped 
antibody molecule producing tWo Fab fragments. An anti 
body can include or be derived from any mammal, such as 
but not limited to a human, a mouse, a rabbit, a rat, a rodent, 
a primate, or any combination thereof. 

[0007] Antibodies (Abs) to human antigens usually do not 
cross-react With the corresponding rodent antigen, With the 
exception being some Abs to antigens that are highly con 
served in structure. Consequently, While developing an Ab to 
a human target, there is often a need for a separate Ab to the 
rodent antigen for the purpose of performing preclinical 
studies in rodents. Because such studies are done to reveal 
What could be expected to happen in humans treated With the 
anti-human Ab, it is important that the anti-rodent “surro 
gate” Ab being used in the animal studies is similar to the 
anti-human Ab in as many characteristics as possible. Such 
characteristics for an Ab may include af?nity or avidity for 
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antigen, relative neutraliZation potency, isotype and the 
associated Fc-mediated immune effector functions (eg 
complement ?xation), pharmacokinetic behavior, and ability 
to form immune complexes With its soluble target antigen. 
Because there are usually feW choices of Abs that can serve 
as a suitable surrogate for animal studies, it is often very 
dif?cult, if not impossible, to ?nd the perfect surrogate Ab. 
It may be that the tWo most important characteristics, 
neutraliZation of rodent antigen bioactivity and analogous 
IgG isotypes, are considered suf?cient for a surrogate Ab. 

[0008] While it is possible to develop a rodent antibody 
that neutraliZes the corresponding rodent antigen, it is often 
necessary to change the antibody isotype to satisfy one 
criterion for it serving as a surrogate Ab for the human 
antibody: having its isotype be the functional counterpart 
isotype to the human antibody. In doing so, it has been 
shoWn that the resulting modi?ed antibody may demonstrate 
in vivo bioactivity in vitro and shoW complement-?xing 
activity against rodent antigen-expressing cells in vitro. 
HoWever, the amount of the modi?ed antibody required to 
block a given amount of antigen bioactivity can be much 
higher than than the amount of human antibody required to 
block the same amount of human antigen bioactivity. Fur 
thermore, the modi?ed rodent antibody can be less potent 
than the original rodent antibody against the rodent antigen. 

[0009] This difference in activity and potency can be the 
result of a fundamental difference betWeen the Way the 
modi?ed antibody and the human antibody bind antigen. 
Whereas both arms of the human antibody can simulta 
neously bind tWo different antigen molecules, the binding of 
one arm of the dimeric modi?ed antibody molecule to one 
antigen molecule can prevent the second arm from binding 
to a second antigen molecule. The modi?ed antibody may be 
functionally monovalent Whereas the natural antibody may 
be bivalent. Further, by virtue of its ability to bind tWo 
molecules of a target that itself may be a homopolymer (for 
example, TNF is a homotrimer) that can be bound by more 
than one molecule, the natural antibody may be capable of 
forming higher order complexes With the target molecule. In 
contrast, because of its inability to bind more than one target 
molecule simultaneously, the modi?ed antibody Would not 
be capable of forming higher order complexes With the 
target molecule. The relative stability of the natural anti 
body/target molecule complexes and the modi?ed antibody/ 
target molecule complexes Would therefore be expected to 
be dramatically different, since most molecules of the natu 
ral antibody Would be bound to the complex bivalently and 
have a very sloW dissociation rate, Whereas each molecule of 
the modi?ed antibody Would be bound monovalently and 
therefore have a much faster dissociation rate. Because 
dissociation of the modi?ed antibody from the target results 
in a target molecule that is free and bioactive, the result 
Would be large differences in neutraliZation potencies 
betWeen natural and modi?ed antibodies. 

[0010] In addition to neutraliZation potencies, the differ 
ence in the siZe and complexity of the Ab/target molecule 
complexes Would also be expected to affect such activities as 
serum clearance rates and Fc receptor binding af?nities With 
concomitant cell activation. 

[0011] Thus, in engineering modi?ed antibodies it is 
sometimes desirable to ensure that the resulting construct is 
functionally bivalent by virtue of its ability to bind tWo 
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molecules of a target. In the case of an antigen that is itself 
a homopolymer that can be bound by more than one anti 
body molecule, it is desirable to have a construct that is 
capable of forming higher order complexes With the antigen 
in order to achieve maximum potency and stability of the 
antibody/antigen complex. 

[0012] Thus, there is a need for a method of engineering 
antibodies to provide added ?exibilty and spatial distance to 
alloW for multiple binding valencies and complex forma 
tions in antigen/antibody binding resulting in both favorable 
binding characteristics and neutraliZation capabilities of the 
antibody construct. 

SUMMARY OF THE INVENTION 

[0013] The invention described here is a modi?ed Ab (an 
‘S’ Ab) that confers added ?exibility to, and spatial distance 
betWeen, the tWo Fab domains by incorporating an extra 
constant region immunoglobulin (Ig) domain into the con 
stant region of a normal Ab. 

[0014] Thus, in one aspect, the invention relates to a 
method of providing added ?exibility to, and spatial distance 
betWeen, Fab domains of an antibody by incorporating an 
extra constant region immunoglobulin (Ig) domain into the 
constant region of an antibody. The resulting construct is 
referred to as an ‘S’ antibody. The S antibodies prepared by 
the method of the invention demonstrate enchanced neutral 
iZation ability over the unmodi?ed antibodies. As shoWn in 
the folloWing examples, the rodent anti-TNF S-Abs pre 
pared in accordance With the invention, S-cVlq and 
S-rRt108, are respectively 200-fold and 20-fold more effec 
tive at neutraliZing TNF bioactivity than the original cVlq 
and rRt108 Abs. 

[0015] The present invention provides, in another aspect, 
isolated nucleic acid molecules comprising, a polynucle 
otide encoding the aforementioned S antibodies and at least 
one speci?ed sequence, domain, portion or variant thereof. 
The present invention further provides recombinant vectors 
comprising anti-S antibody nucleic acid molecules, host 
cells containing such nucleic acids and/or recombinant vec 
tors, and methods of making and/or using such antibody 
nucleic acids, vectors and/or host cells. 

[0016] The present invention also provides at least one 
method for expressing at least one S antibody in a host cell, 
comprising culturing a host cell as described herein under 
conditions Wherein at least one S antibody is expressed in 
detectable and/or recoverable amounts. The host cell may be 
selected from COS-1, COS-7, HEK293, BHK21, CHO, 
BSC-l, Hep G2, Ag653, SP2/0, HeLa, myeloma, or lym 
phoma cells, or any derivative, immortaliZed or transformed 
cell thereof. Also provided is a method for producing at least 
one S antibody, comprising translating the antibody encod 
ing nucleic acid under conditions in vitro, in vivo or in situ, 
such that the S antibody is expressed in detectable and/or 
recoverable amounts. 

[0017] The present invention also provides at least one 
composition comprising both an isolated S antibody encod 
ing nucleic acid and/or antibody as described herein and a 
suitable carrier or diluent. The carrier or diluent may be 
pharmaceutically acceptable, according to knoWn carriers or 
diluents. The composition may also comprise at least one 
further compound, protein or composition. The composition 
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may also comprise an effective amount of at least one 
compound or protein selected from a detectable label or 
reporter, a TNF antagonist, an anti-rheumatic, a muscle 
relaxant, a narcotic, a non-steroid anti-in?ammatory drug 
(NSAID), an analgesic, an anesthetic, a sedative, a local 
anesthetic, a neuromuscular blocker, an antimicrobial, an 
antipsoriatic, a corticosteriod, an anabolic steroid, an eryth 
ropoietin, an immuniZation, an immunoglobulin, an immu 
nosuppressive, a groWth hormone, a hormone replacement 
drug, a radiopharmaceutical, an antidepressant, an antipsy 
chotic, a stimulant, an asthma medication, a beta agonist, an 
inhaled steroid, an epinephrine or analog a cytotoxic or other 
anti-cancer agent, an anti-metabolite such as methotrexate, 
an anti-proliferative agent, a cytokine, or a cytokine antago 
nist. 

[0018] The present invention further provides at least one 
method or composition for administering a therapeutically 
effective amount of an S antibody of the invention to 
modulate or treat at least one disease condition in a cell, 
tissue, organ, animal or patient, prior to, subsequent to, or 
during a related condition, as knoWn in the art and/or as 
described herein. 

[0019] The present invention also provides at least one 
composition, device and/or method for the delivery of a 
therapeutically or prophylactically effective amount of at 
least one S antibody, according to the present invention. 

[0020] The present invention further provides at least one 
S antibody method or composition, for diagnosing at least 
one disease condition in a cell, tissue, organ, animal or 
patient, prior to, subsequent to, or during a related condition, 
as knoWn in the art and/or as described herein. 

[0021] Also provided is a medical device, comprising at 
least one isolated S antibody of the invention, Wherein the 
device is suitable for contacting or administering the S 
antibody by at least one mode selected from parenteral, 
subcutaneous, intramuscular, intravenous, intrarticular, 
intrabronchial, intraabdominal, intracapsular, intracartilagi 
nous, intracavitary, intracelial, intracelebellar, intracere 
broventricular, intracolic, intracervical, intragastric, intrahe 
patic, intramyocardial, intraosteal, intrapelvic, 
intrapericardiac, intraperitoneal, intrapleural, intraprostatic, 
intrapulmonary, intrarectal, intrarenal, intraretinal, intraspi 
nal, intrasynovial, intrathoracic, intrauterine, intravesical, 
bolus, vaginal, rectal, buccal, sublingual, intranasal, or trans 
dermal. 

[0022] Also provided is an article of manufacture for 
human pharmaceutical or diagnostic use, comprising pack 
aging material and a container comprising a solution or a 
lyophiliZed form of at least one isolated S antibody of the 
present invention. The article of manufacture can optionally 
comprise having the container as a component of a 
parenteral, subcutaneous, intramuscular, intravenous, intrar 
ticular, intrabronchial, intraabdominal, intracapsular, intra 
cartilaginous, intracavitary, intracelial, intracelebellar, 
intracerebroventricular, intracolic, intracervical, intragastric, 
intrahepatic, intramyocardial, intraosteal, intrapelvic, intra 
pericardiac, intraperitoneal, intrapleural, intraprostatic, 
intrapulmonary, intrarectal, intrarenal, intraretinal, intraspi 
nal, intrasynovial, intrathoracic, intrauterine, intravesical, 
bolus, vaginal, rectal, buccal, sublingual, intranasal, or trans 
dermal delivery device or system. 

[0023] Also provided is a method for producing at least 
one isolated S antibody of the present invention, comprising 
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a host, transgenic animal, transgenic plant or plant cell 
capable of expressing the antibody in recoverable amounts. 
Further provided in the present invention is at least one S 
antibody produced by the above method. 

[0024] The present invention further provides any inven 
tion described herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0025] 
cation: 

[0026] FIG. 1 is a schematic comparison of normal Ab 
structure With S-Ab structure. V regions are shoWn in White 
and constant regions in blue. The extra CH1 domain from a 
mouse IgG1 Ab is shoWn With hatched lines. 

In the draWings that form a portion of the speci? 

[0027] FIG. 2 is an amino acid sequence comparison 
betWeen the heavy chain constant region of a normal murine 
IgG2a (muG2a) (SEQ. ID. No. 1) and an S-Ab of the present 
invention (SEQ. ID. No. 2). Amino acids are shoWn in 
single-letter code. The extra CH1 domain in the S-Ab 
extends from amino acids 98-194. Constant region sequence 
is shoWn in blue. Cys14 (underlined) disul?de bonds With the 
LC. 

[0028] FIG. 3 is an SDS-polyacrylamide gel analysis 
comparing the migration of the normal and S-Ab heavy and 
light chains. Each protein sample Was reduced With [3-mer 
captoethanol and passed through a 5-15% gradient poly 
acrylamide gel by electrophoresis. FolloWing electrophore 
sis, proteins in the gel Were stained With Coomassie Blue 
stain. SiZes of molecular Weight standards are shoWn in kDa 
on the left. This particular prep of S-cVlq contained some 
bovine IgG. 

[0029] FIG. 4 is a graph shoWing the results from a WEHI 
cell cytotoxicty assay. Varying amounts of Ab Were prein 
cubated With either mouse TNF (left) or rat TNF (right) and 
the mixture added to WEHI-164 cells to have a ?nal 
concentration of 10 pg/ml TNF. The Ab/TNF/cell mixture 
Was incubated at 37° C. for 16 hours and then cell viability 
Was quantitated by adding MTT dye and determining OD55O_ 
650 values. Ahigh OD indicates live cells. Because the S-Abs 
have a molecular Weight that’s 30 kDa more than the normal 
Abs, the differences betWeen the normal and S-Abs on a 
molar basis Would be greater than What is shoWn (240-fold 
vs 200-fold for cVlq). 

[0030] FIG. 5 is a graph shoWing the results of a binding 
assay to compare ability of normal and S-Abs to bind tWo 
TNF molecules simultaneously. EIAplates Were coated With 
2 pig/ml of mouse or rat TNF. Mouse TNF-coated Wells Were 
incubated With 100 pig/ml of either cVlq or S-cVlq. Rat 
TNF-coated Wells Were incubated With 100 pig/ml of either 
rRt108 or S-rRt108. Unbound Ab Was removed by Washing 
and 2 pig/ml of 125I-labeled mouse or rat TNF Was added. 
Unbound TNF Was removed by Washing and the number of 
counts bound Was determined using a gamma counter. 

[0031] FIG. 6 is a schematic depiction of hoW S-cVlq/ 
muTNF complexes are believed to differ from cVlq/muTNF 
complexes. Note that unlike cVlq, each molecule of S-cVlq 
can bind tWo TNF molecules simultaneously. The increased 
potency of S-cVlq is believed to be due to its bivalent 
binding to complexes of TNF, Which is the reason for a much 
sloWer dissociation rate from TNF compared to cvlq. The 
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S-cVlq/muTNF complexes Would be expected to be very 
similar or identical to the cA2/huTNF complexes (see FIG. 
1). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] A. Citations 

[0033] All publications or patents cited herein are entirely 
incorporated herein by reference, as they shoW the state of 
the art at the time of the present invention and/or provide 
description and enablement of the present invention. Publi 
cations refer to any scienti?c or patent publications, or any 
other information available in any media format, including 
all recorded, electronic or printed formats. (The folloWing 
references are entirely incorporated herein by reference: 
Ausubel, et al., ed., Current Protocols in Molecular Biology, 
John Wiley & Sons, Inc., NY, NY. 1987-2001; Sambrook, 
et al., Molecular Cloning: A Laboratory Manual, 2Dd Edi 
tion, Cold Spring Harbor, NY. 1989; HarloW and Lane, 
Antibodies:Aa Laboratory Manual, Cold Spring Harbor, 
NY. 1989; Colligan, et al., eds., Current Protocols in 
Immunology, John Wiley & Sons, Inc., NY 1994-2001; 
Colligan et al., Current Protocols in Protein Science, John 
Wiley & Sons, NY, NY, 1997-2001.) 

[0034] B. De?nitions 

[0035] Unless otherWise de?ned, scienti?c and technical 
terms used in connection With the present invention shall 
have the meanings that are commonly understood by those 
of ordinary skill in the art. 

[0036] Furthermore, unless otherWise required by context, 
singular terms shall include pluralities and plural terms shall 
include the singular. Generally, nomenclatures utiliZed in 
connection With, and in techniques of, cell and tissue culture, 
molecular biology, protein and oligo- or polynucleotide 
chemistry and hybridiZation described herein are those Well 
knoWn and commonly used in the art. Standard techniques 
are used for recombinant DNA, oligonucleotide synthesis, 
tissue culture, and transformation (e.g., electroporation, 
lipofection). 

[0037] EnZymatic reactions and puri?cation techniques 
are performed according to the manufacturer’s speci?ca 
tions, as commonly accomplished in the art, or as described 
herein. The foregoing techniques and procedures are gener 
ally performed according to conventional methods Well 
knoWn in the art and as described in various general and 
more speci?c references that are cited and discussed. 
(Seee.g., Sambrook et al. Molecular Cloning.'A Laboratory 
Manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY. 1989, Which is incorporated herein by 
reference.) The nomenclatures utiliZed in connection the 
laboratory procedures and techniques of analytical, synthetic 
organic, medicinal and pharmaceutical chemistry, described 
herein, are those Well knoWn and commonly used in the art. 
Standard techniques are used for chemical syntheses, chemi 
cal analyses, pharmaceutical preparation, formulation, and 
the delivery and treatment of patients. 

[0038] All scienti?c and technical terms used in this 
application have meanings commonly used in the art unless 
otherWise speci?ed. As used in this application, the folloW 
ing Words or phrases have the folloWing meanings: 
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[0039] “Antibody” or “antibody peptide(s)” refers to an 
intact antibody, or a binding fragment thereof, that competes 
With the intact antibody for speci?c binding. Binding frag 
ments are produced by recombinant DNA techniques, or by 
enZymatic or chemical cleavage of intact antibodies. Bind 
ing fragments include Fab,Fab‘, F(abl)2, Fv, and single 
chain antibodies. An antibody other than a “bispeci?c” or 
“bifunctional” antibody is understood to have each of its 
binding sites identical. An antibody substantially inhibits 
adhesion of a receptor to a counter receptor When an excess 
of antibody reduces the quantity of receptor bound to 
counter receptor by at least about 20%, 40%,60% or 80%, 
and more usually, greater than about 85% (as measured in an 
in vitro competitive binding assay). 

[0040] As used herein, “modi?ed Ig molecule” or “S 
antibody” means an immunoglobulin (“lg”) molecule that 
differs from a naturally-occurring Ig molecule by containing 
at least a portion of an additional constant domain in the 
constant region domain of the antibody; the additional 
constant domain may either be the same class or a different 
Ig class than the original antibody. A modi?ed Ig molecule 
can be made, for example, by conventional genetic recom 
bination using polynucleotides encoding Ig domains or 
portions thereof arranged in a chosen array and expressed in 
a cell. Alternatively, a modi?ed Ig molecule can be synthe 
siZed using conventional techniques of polypeptide synthe 
sis. The Ig molecule can be an IgA (Which includes IgAl and 
IgA2), IgM, IgG, IgD, or IgE molecule. 

[0041] As used herein, “constant region domain” or “con 
stant domain” refers to a domain Within the constant portion 
of an Ig molecule, including CL, CH1, hinge, CH2, CH and 
CH4. As used herein, a “variable region domain” or “vari 
able domain” refers to that portion of an Ig molecule Which 
confers speci?city of the Ig for a particular antigen. 

[0042] As used herein, “antigen” means a substance 
capable of either binding to an antigen binding region of an 
immunoglobulin molecule or of eliciting an immune 
response. As used herein, “antigen” includes, but is not 
limited to, antigenic determinants, haptens, and immuno 
gens. 

[0043] The term “epitope” includes any protein determi 
nant capable of speci?c binding to an immunoglobulin or 
T-cell receptor. Epitopic determinants usually consist of 
chemically active surface groupings of molecules such as 
amino acids or sugar side chains and usually have speci?c 
three dimensional structural characteristics, as Well as spe 
ci?c charge characteristics. An antibody is said to speci? 
cally bind an antigen When the dissociation constant is 1 
mM, preferably 100 nM and most preferably 10 nM. 

[0044] As used herein, “vector” means a construct Which 
is capable of delivering, and preferably expressing, one or 
more genes or polynucleotide sequences of interest in a host 
cell. Examples of vectors include, but are not limited to, 
viral vectors, naked DNA or RNA expression vectors, DNA 
or RNA expression vectors associated With cationic con 
densing agents, DNA or RNA expression vectors encapsu 
lated in liposomes, and certain eucaryotic cells, such as 
producer cells. 

[0045] As used herein, “polynucleotide” or “nucleic acid” 
means a deoxyribonucleotide or ribonucleotide polymer in 
either single- or double-stranded form, and unless otherWise 
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limited, encompasses knoWn analogs of natural nucleotides 
that hybridiZe to nucleic acids in a manner similar to 

naturally occurring nucleotides. Unless otherWise indicated, 
a particular nucleic acid sequence optionally includes the 
complementary sequence. The polynucleotide sequence may 
encode variable and/or constant region domains of immu 
noglobulin. The term “isolated polynucleotide” as used 
herein shall mean a polynucleotide of genomic, cDNA, or 
synthetic origin or some combination thereof. By virtue of 
its origin the “isolated polynucleotide” (1) is not associated 
With all or a portion of a polynucleotide in Which the 

“isolated polynucleotides” are found in nature, (2) is oper 
ably linked to a polynucleotide Which it is not linked to in 
nature, or (3) does not occur in nature as part of a larger 

sequence. 

[0046] As used herein, “pharmaceutically acceptable car 
rier” includes any material Which, When combined With an 
Ig, alloWs the lg to retain biological activity and is non 
reactive With the subject’s immune system. Examples 
include, but are not limited to, an y of the standard phar 
maceutical carriers such as a phosphate buffered saline 

solution, Water, emulsions such as an oil/Water emulsion, 
and various types of Wetting agents. Preferred diluents for 
aerosol or parenteral administration include phosphate buff 
ered saline or normal (0.85%) saline. 

[0047] As used in the appended claims, “a” means at least 
one, and can include a plurality. 

[0048] The term “operably linked” as used herein refers to 
positions of in a relationship permitting them to function in 
the intended manner. A control sequence “operably linked” 
to a coding sequence is ligated in such a Way that expression 
of the coding sequence is achieved under conditions com 
patible With those of the control sequences. 

[0049] The term “control sequence” as used herein refers 
to polynucleotide sequences Which are necessary to effect 
the expression and processing of coding sequences to Which 
they are ligated. The nature of such control sequences differs 
depending upon the host organism; in prokaryotes, such 
control sequences generally include a promoter, ribosomal 
binding site, and transcription termination sequence; in 
eukaryotes such control sequences generally include pro 
moters and transcription termination sequences. The term 
“control sequences” is intended to include, at a minimum, all 
components Whose presence is essential for expression and 
processing, and can also include additional components 
Whose presence is advantageous, leader sequences and 
fusion partner sequences, for example. 

[0050] As used herein, the tWenty conventional amino 
acids and their abbreviations folloW conventional usage. The 
amino acids that make up the S antibodies of the present 
invention are often abbreviated. The amino acid designa 
tions can be indicated by designating the amino acid by its 
single letter code, its three letter code, name, or three 
nucleotide codon(s) as is Well understood in the art (see 
Alberts, B., et al., Molecular Biology of The Cell, 3rd Ed., 
Garland Publishing, Inc.,NeW York, 1994): 
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SINGLE THREE 

LETTER CODE LETTER CODE NAME THREE NUCLEOTIDE CODON(S) 

A Ala Alanine GCA, GCC, GCG, GCU 

C Cys Cysteine UGC , UGU 

D Asp Aspartic acidGAG, GAU 

E Glu Glutamic acidGAA, GAG 

F Phe Phenylanine UUC , UUU 

G Gly Glycine GGA, GGC, GGG, GGU 

H His Histidine CAC, CAU 

I Ile Isoleucine AUA, AUG, A 

K Lys Lysine AAA, AAG 

L Leu Leucine UUA, UUG, CUA, cuc, CUG, cuu 

M Met Methionine AUG 

N Asn Asparagine AAC, AAU 

P Pro Proline CCA, CCC, CCG, CCU 

Q Gln Glutamine CAA, GAG 

R Arg Arginine AGA, AGG, CGA, CGC, CGG, CGU 

5 Ser Serine AGG, AGU, UCA, UCC, UCG, ucu 

T Thr Threonine ACA, AGG, ACG, AGU 

v Val Valine GUA, GUC, GUG, GUU 

W Trp Tryptophan UGG 

Y Tyr Tyrosine UAC , UAU 

[0051] Stereoisomers (e.g., D-amino acids) of the twenty 
conventional amino acids, unnatural amino acids such as X-, 
X-disubstituted amino acids, N-alkylamino acids, lactic acid, 
and other unconventional amino acids may also be suitable 
components for polypeptides of the present invention. 
Examples of unconventional amino acids include: 4-hydroX 
yproline, g-carboXyglutamate, e-N,N,N-trimethyllysine, 
e-N-acetyllysine, O-phosphoserine, N-acetylserine, 
N-formylmethionine, 3-methylhistidine, S-hydroxylysine, 
s-N-methylarginine, and other similar amino acids and 
imino acids. In the polypeptide notation used herein, the left 
hand direction is the amino terminal direction and the right 
hand direction is the carboXy-terminal direction, in accor 
dance With standard usage and convention. 

[0052] As applied to polypeptides, the term “substantial 
identity” means that tWo peptide sequences, When optimally 
aligned, share at least 80% sequence identity, preferably at 
least 90% sequence identity, more preferably at least 95% 
sequence identity, and most preferably at least 99% 
sequence identity. 

[0053] Preferably, residue positions Which are not identi 
cal differ by conservative amino acid substitutions. 

[0054] Conservative amino acid substitutions refer to the 
interchangeability of residues having similar side chains. 

For example: amino acids having aliphatic side chains are 
glycine, alanine, valine, leucine, and isoleucine; amino acids 
having aliphatic-hydroXyl side chains are serine and threo 
nine; amino acids having amide-containing sidechains are 
asparagine and glutamine; amino acids having aromatic side 
chains are phenylalanine, tyrosine, and tryptophan; amino 
acids having basic side chains are lysine, arginine, and 
histidine; amino acids having sulfur-containing side chains 
are cysteine and methionine. Preferred-conservative amino 
acids substitution groups are: valine-leucine-isoleucine, 
phenylalanine-tyrosine,lysine-arginine, alanine-valine, 
glutamic-aspartic, andasparagine-glutamine. 

[0055] As discussed herein, minor variations in the amino 
acid sequences of antibodies or immunoglobulin molecules 
are contemplated as being encompassed by the present 
invention, providing that the variations in the amino acid 
sequence maintain at least 75%, more preferably at least 
80%, 90%, 95%, and most preferably 99%. In particular, 
conservative amino acid replacements are contemplated. 
Conservative replacements are those that take place Within 
a family of amino acids that are related in their side chains. 
Genetically encoded amino acids are generally divided into 
families: (1) acidic=aspartate, glutamate; (2)basic=lysine, 
arginine, histidine; (3) non-polar=alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophan; 
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and (4) uncharged polar=glycine, asparagine, glutamine, 
cysteine, serine, threonine, tyrosine. More preferred families 
are: aliphatic-hydrox=serine, threonine; amide-containing= 
asparagine, glutamine; aliphat cc=alanine, valine, leucine, 
isoleucine; aromatic=phenylalanine, tryptophan, tyrosine. 
For example, it is reasonable to expect that an isolated 
replacement of a leucine With an isoleucine or valine, an 
aspartate With a glutamate, a threonine With aserine, or a 
similar replacement of an amino acid With a structurally 
related amino acid Will not have a major effect on the 
binding or properties of the resulting molecule, especially if 
the replacement does not involve an amino acid Within a 
framework site. Whether an amino acid change results in a 
functional peptide can readily be determined by assaying the 
speci?cactivity of the polypeptide derivative. Assays are 
described in detail herein. Fragments or analogs of antibod 
ies or immunoglobulin molecules can be readily prepared by 
those of ordinary skill in the art. Preferred amino- and 
carboxy-termini of fragments or analogs occur near bound 
aries of functional domains. 

[0056] Structural and functional domains can be identi?ed 
by comparison of the nucleotide and/or amino acid sequence 
data to public or proprietary sequence databases. Preferably, 
computeriZed comparison methods are used to identify 
sequence motifs or predicted protein conformation domains 
that occur in other proteins of knoWn structure and/or 
function. Methods to identify protein sequences that fold 
into a knoWn three-dimensional structure are knoWn. (BoWie 
et al. Science 253: 164 (1991)). Thus, the foregoing examples 
demonstrate that those of skill in the art can recogniZe 
sequence motifs and structural conformations that may be 
used to de?ne structural and functional domains in accor 
dance With the invention. 

[0057] Preferred amino acid substitutions are those Which: 
(1) reduce susceptibility to proteolysis, (2)reduce suscepti 
bility to oxidation, (3) alter binding af?nity for forming 
protein complexes, (4) alter binding af?nities, and (4) confer 
or modify other physicochemical or functional properties of 
such analogs. Analogs can include various muteins of ase 
quence other than the naturally occurring peptide sequence. 
For example, single or multiple amino acid substitutions 
(preferably conservative amino acid substitutions) may be 
made in the naturally occurring sequence (preferably in the 
portion of the polypeptide outside the domain(s) forming 
intermolecular contacts. 

[0058] A conservative amino acid substitution should not 
substantially change the structural characteristics of the 
parent sequence (e.g., a replacement amino acid should not 
tend to break a helix that occurs in the parent sequence, or 
disrupt other types of secondary structures that characteriZe 
the parent sequence). 

[0059] (Examples of art-recogniZed polypeptide second 
ary and S tertiary structures are described in Creighton, Ed., 
Proteins, Structures and Molecular Principles W. H. Free 
man and Company, NeW York 1984; C. Branden and J. 
TooZe, eds., Introduction to Protein Structure Garland Pub 
lishing, NeW York, NY 1991; Thornton et at. Nature 354:105 
1991, Which are each incorporated herein by reference.) 

[0060] The term patient includes human and veterinary 
subjects. 

Dec. 18, 2003 

[0061] B. Antibody Structure 
[0062] The basic antibody structural unit comprises a 
tetramer. Each tetramer is composed of tWo identical pairs of 
polypeptide chains, each pair having one “light” (about 25 
kDa) and one “heavy” chain (about 50-70 kDa). The amino 
terminal portion of each chain includes a variable region of 
about 100 to 110 or more amino acids primarily responsible 
for antigen recognition. The carboxy-terminal portion of 
each chain de?nes a constant region primarily responsible 
for effector function. Human light chains are classi?ed as 
kappa and lambda light chains. Heavy chain constant 
regions are classi?ed as u, 6, y, or, and e, and de?ne the 
antibody’s isotype as IgM, IgD, IgG, IgA, and IgE, respec 
tively. 
[0063] Each of the gamma heavy chain constant regions 
contain CH1, hinge, CH2, and CH3 domains, With the hinge 
domain in gamma-3 being encoded by 4 different exons. 
(Morrison and Oi “Chimeric Ig Genes” in Immunoglobulin 
Genes pp. 259-274 Honjo et al. eds., Academic Press 
Limited, San Diego, Calif. 1989). Within light and heavy 
chains, the variable and constant regions are joined by a “J” 
region of about 12 or more amino acids, With the heavy 
chain also including a “D” region of about 10 more amino 
acids. (See generally: Fundamental Immunology Ch. 7 
(Paul, W., ed., 2nd ed. Raven Press, NY 1989) (incorporated 
by reference in its entirety for all purposes)). The variable 
regions of each light/heavy chain pair form the antibody 
binding site. Thus, an intact antibody has tWo binding sites. 
Except in bifunctional or bispeci?c antibodies, the tWo 
binding sites are the same. The chains all exhibit the same 
general structure of relatively conserved frameWork regions 
(FR) joined by three hyper variable regions, also called 
complementarity determining regions or CDRs. 

[0064] The CDRs from the tWo chains of each pair are 
aligned by the frameWork regions, enabling binding to a 
speci?c epitope. From N-terminal to C-terminal, both light 
and heavy chains comprise the domains FR1, CDR1, FR2, 
CDR2, FR3, CDR3 and FR4. The assignment of amino acids 
to each domain is in accordance With the de?nitions of Kabat 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health Bethesda, Md. 1987 and 1991; Chothia 
& Lesk J. Mol. Biol. 196:901-917 1987; Chothia et al. 
Nature 342:878-883 1989). 

[0065] Abispeci?c or bifunctional antibody is an arti?cial 
hybrid antibody having tWo different heavy/light chain pairs 
and tWo different binding sites. Bispeci?c antibodies can be 
produced by a variety of methods including fusion of 
hybridomas or linking of Fab‘ fragments. (See, e.g., Song 
sivilai & Lachmann Clin. Exp. Immunol. 79:315-321 1990; 
Kostelny et al. J. Immunol. 148:1547-1553 1992). 

[0066] Production of bispeci?c antibodies can be a rela 
tively labor intensive process compared With production of 
conventional antibodies and yields and degree of purity are 
generally loWer for bispeci?c antibodies. 
[0067] Bispeci?c antibodies do not exist in the form 
of-fragments having a single binding site (e.g., Fab, Fab and 
Fv). 
[0068] C. Antibodies of the Present Invention 

[0069] The present invention is speci?cally related to 
engineering of antibody molecules so as to contain an extra 
immunoglobulin domain to the constant region in order 
modify the spatial characteristics of the antibody molecule 
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and thus enchance the neutralization ability and stability of 
the molecule and the characterization of these molecules in 
vitro and in vivo. 

[0070] In accordance With the present invention there are 
provided methods for the utiliZation of a plurality of native 
or modi?ed immunoglobulin (Ig) constant domains to 
modify the characteristics of an antibody and thus increase 
the avidity and/or affinity of the molecule incorporating the 
same by inserting the immunoglobulin constant domain into 
the constant region of the antibody. In this manner, the 
spatial characteristics and ?exibility of the tWo Fab domains 
of the antibody can be modi?ed. Also provided in accor 
dance With the present invention are compositions of mol 
ecules modi?ed in accordance With the methods of the 
invention. Generally, methods in accordance With the the 
invention consist of adding at least one molecule comprising 
an extra immunoglobulin constant domain or a modi?cation 
thereof to a molecule forming an antibody constant domain 
by physically linking the Ig constant domain to the constant 
region of the antibody. 

[0071] For example, a polypeptide comprising the com 
plete CH1 domain of an IgG constant region can be added 
to a constant region of an IgG2a antibody by inserting the 
extra CH1 domain betWeen the CH1 and hinge domain of 
the normal antibody by physically linking the tWo domains. 
Physical linkage may be accomplished utiliZing any con 
ventional technique. In preferred embodiments, physical 
linkage of the domains is accomplished recombinantly, i.e., 
Wherein a gene construct encoding such domains is intro 
duced into an expression system in a manner that alloWs 
correct assembly of the molecule upon expression there 
from. The foregoing example is depicted in FIG. 1. 

[0072] To construct such a modi?ed Ig, in general, the 
genes encoding the extra constant domain molecule can be 
readily isolated and cloned into the gene encoding the 
constant region of the original antibody. For instance, an 
XbaI-ApoI restriction fragment that includes the entire CH1 
domain of an IgGl gene, along With such ?anking regions 
as needed, can be cloned into the StuI restriction site located 
in the intron betWeen the CH1 and hinge domains of an 
IgG2a gene, as shoWn in the folloWing examples. The DNA 
fragments that encode the heavy chain variable regions are 
then cloned upstream of the modi?ed constant region 
sequence to prepare a ?nal heavy chain expression plasmid. 
This construct is then mixed With the light chain plasmid and 
transfected into a suitable cell line for expression. In this 
manner, the molecule depicted in FIG. 1 can be produced. 

[0073] In the folloWing examples, a sequence encoding a 
mouse CH1 domain Was inserted doWnstream of the CH1 
domain of a mouse IgG2a heavy chain molecule. Other 
preferred embodiments could include inserting a CH2 or a 
CH3 domain from an IgG instead of a CH1 domain. The 
inserted domain may also be a domain from a light chain or 
another Ig isotype such as IgD, in particular the CH domain 
that does not associate With another domain. Normally CH1 
domains of heavy chains are intimately associated With a 
light chain constant region and this association buries hybro 
phobic faces on both the heavy chain and the light chain. As 
far as is knoWn, the CH1 domains in the S-Abs do not 
associate With light chains. It is possible that the tWo CH1 
domains of each dimer molecule associate With each other to 
bury the otherWise exposed hydrophobic faces. An immu 
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noglobulin domain could be inserted betWeen the variable 
region and the CH1 domain instead of betWeen the CH1 
domain and the hinge region, as long as the light chain can 
associate With the heavy chain. 

[0074] Moreover, the inserted constant region need not be 
restricted to native forms of the constant regions that are 
present in native antibodies. Rather, the inserted constant 
region domain for use in accordance With the present 
invention can be generated through, for example, mutagen 
esis of constant region domains folloWed by screening for 
enhanced activity or prepared synthetically. 

[0075] This invention could be practiced With Abs from 
other species, such as humans, non-human primates, goats, 
rabbits, chickens, rats, or hamsters. Other possibilities Would 
be to insert an immunoglobulin domain from a non-Ab 
protein, such as CD4. The inserted sequence may not need 
to be an immunoglobulin domain. Other sequences may be 
able to confer the ?exibility or spatial arrangement needed 
to improve Ab potency. Examples include the polypeptide 
linkers composed of glycine and serine residues, such as 
(Gly-Gly-Gly-Ser)3. HoWever, prior to making S-cVlq and 
S-Rt108 Abs, cVlq Was modi?ed to include either one or 
three tandem copies of the the ?exible Gly-Gly-Gly-Ser 
sequence to make the Abs termed cVlq-?exl or cVlq-?ex3. 
These Abs Were expressed in cells, puri?ed from cell super 
natant, and assayed for their ability to block muTNF cyto 
toxicity. The results (not shoWn) shoWed that the ?ex 
versions of cVlq had the same neutraliZation potency as the 
normal cVlq Ab. It is possible that further optimiZation of 
the ?exible linkers may have resulted in other versions that 
had increased potency. 

[0076] D. Advantages 

[0077] From the foregoing it Will be understood by those 
in the art that the present invention can be utiliZed for a 
number of different purposes Where added ?exibility and 
spatial distance betWeen the tWo Fab domains is desirable. 
For instance, the modi?cation described here may result in: 

[0078] Abs that serve as better surrogate Abs if it is 
desired that a surrogate Ab be functionally bivalent 

[0079] Abs that form desired higher-order immune 
complexes, especially With homopolymeric antigen 

[0080] a dramatic increase in the neutraliZation potency of 
an Ab and thereby decrease the amount of Ab needed for 
either research purposes, diagnostic purposes, or therapeutic 
treatments a dramatic increase in the avidity of an Ab to cells 
expressing the target antigen and thereby may enhance 
Fc-mediated immune effector mechanisms (such as Ab 
dependent cellular cytotoxicity) that result from greater 
binding to cells; may have applicability to Abs against 
human antigens 

[0081] It Will be appreciated that the present invention is 
also applicable to enhancing the interactions betWeen a 
receptor and its ligand generally. In this respect, either 
receptor or ligand moieties may be modi?ed so as to 
generate molecules that possess greater than one moiety that 
enhances the af?nity, avidity, or simply the ability of recep 
tor and ligand to interact. Stated another Way, the invention, 
by modifying the spatial characteristics of the binding 
domains, provides a method to increase avidity of a mol 
ecule to its target. The end result is that the modi?ed 
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molecule Will have a higher af?nity for the target the parent 
molecule and consequently can be used as a competitor. In 
addition, because adding an extra immunoglobulin domain 
does not introduce foreign protein sequences the modi?ed 
molecules are less likely to be immunogenic. 

[0082] The ligand With higher affinity could be designed to 
block the function of the receptor as an antagonist or to 
potentially generate an extremely potent agonist. 

[0083] E. Design of Modi?ed Antibodies 

[0084] As discussed above, the basic design used to pre 
pare a preferred modi?ed S antibody in accordance With the 
present invention is to incorporate an additional constant 
domain, such as a CH1 domain, into the constant region of 
an antibody. One construct in accordance With the invention 
is the addition of a CH1 domain to an existing antibody (as 
shoWn in FIG. 1). The antibody Which is to be modi?ed may 
be selected from any antibody of human, rodent or other 
source, and may be a chimeric, humaniZed, human or 
synthetic antibody. In one embodiment, the antibody Which 
is to be modi?ed may be generated through immuniZation of 
a normal or transgenic mouse. The antibody may be further 
modi?ed in any of a number of Ways knoWn in the art. In 
general the modi?ed antibody may be prepared by simply 
inserting the polynucleotide encoding the extra constant 
domain or other insert sequence into the plasmid encoding 
the constant region of the antibody and expressing the 
plasmid in a suitable host cell to produce the modi?ed 
antibody. The insert may be made anyWhere in the constant 
region of the immunoglobulin. In one embodiment, the 
insert is made doWnstream of the CH1 domain of the heavy 
chain molecule, but inserts can be made at other places in the 
constant region. The insert may be made directly or With a 
linker molecule. The nature of the insert and linker can be 
designed as necessary to perform the function intended, i.e. 
to modify the spatial characteristics and ?exibilty of the 
binding regions of the antibody molecule. The amino acid 
composition and length of the insert modifying the antibody 
immunoglobulin molecule may be determined by testing 
constructs containing a variety of different sequences as 
knoWn in the art. 

[0085] Where a modi?ed molecule that has certain char 
acteristics is desired, it may be desirable or necessary to 
introduce certain mutations in the constant region insert so 
as to modify its characteristics in some Way. HoWever, 
Where an antibody for use in humans is desired, it is 
desirable to make the inserts as close to human sequences as 
possible to reduce immunogenicity. Accordingly, it is gen 
erally desirable to introduce as feW amino-acid changes to 
the modi?ed molecules as possible so as to avoid generating 
immunogenicity. 

[0086] Bispeci?c, heterospeci?c, heteroconjugate or simi 
lar monoclonal, humaniZed antibodies that have binding 
speci?cities for at least tWo different antigens can also be 
used. In such a case, one of the binding speci?cities may be 
designated for one antigen and the other one is for any other 
antigen. Methods for making bispeci?c antibodies are 
knoWn in the art. Traditionally, the recombinant production 
of bispeci?c antibodies is based on the co-expression of tWo 
immunoglobulin heavy chain/light chain pairs, Where the 
tWo heavy chains have different speci?cities (Milstein and 
Cuello, Nature 305:537 1983). Because of the random 
assortment of immunoglobulin heavy and light chains, these 
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hybridomas (quadromas) produce a potential mixture of 10 
different antibody molecules, of Which only one has the 
correct bispeci?c structure. The puri?cation of the correct 
molecule, Which is usually done by af?nity chromatography 
steps, is rather cumbersome, and the product yields are loW. 
Similar procedures are disclosed, (e.g., WO 93/08829, US. 
Pat. Nos, 6,210,668, 6,193,967, 6,132,992, 6,106,833, 
6,060,285, 6,037,453, 6,010,902, 5,989,530, 5,959,084, 
5,959,083, 5,932,448, 5,833,985, 5,821,333, 5,807,706, 
5,643,759, 5,601,819, 5,582,996, 5,496,549, 4,676,980, WO 
91/00360, WO 92/00373, EP 03089, Traunecker et al., 
EMBO J. 10:3655 1991; Suresh et al., Methods in Enzy 
mology 121:210 1986, each entirely incorporated herein by 
reference). 
[0087] In the folloWing examples, the modi?ed Ab Was 
prepared by using recombinant DNA methods to add the 
DNA sequence encoding the complete CH1 domain of the 
mouse IgG1 constant region into the gene encoding the 
mouse IgG2a constant region of the antibodies cVlq and 
rRt108. The extra CH1 domain Was inserted betWeen the 
CH1 and hinge domains of the normal Abs (FIG. 2). 
Speci?cally, an XbaI-ApoI restriction fragment that 
included the entire CH1 domain of the mouse IgG1 gene and 
some ?anking intron sequences Was cloned into the StuI 
restriction site located in the intron betWeen the CH1 and 
hinge domains of the mouse IgG2a gene. The DNA frag 
ments that encoded either the cVlq or Rt108 heavy chain 
variable regions Were then cloned upstream of the modi?ed 
constant region sequence to prepare a ?nal heavy chain 
expression plasmid. The heavy chain plasmid Was mixed 
With the same light chain plasmid previously used to express 
the normal Abs and introduced together into mouse 
myeloma cells by electroporation. Transfected cells that 
secreted either S-cVlq or S-rRt108 Were identi?ed by assay 
ing cell supernatant for mouse IgG by conventional ELISA 
techniques. Producing cell lines Were scaled up and then the 
S-Abs Were puri?ed from cell supernatant by conventional 
protein A chomatography. 

[0088] Passage of the puri?ed S-Abs through an SDS 
containing polyacrylamide gel con?rmed that their heavy 
chains Were of higher molecular Weight (approximately 15 
kDa higher, as expected) than the corresponding heavy 
chains of the normal Abs (FIG. 3). The light chains of the 
S-Abs and normal Abs Were of the same molecular Weight, 
as expected. The sequences for the modi?ed antibody com 
pared to the unmodi?ed murine antibody from Which it Was 
derived, are shoWn in FIG. 2. 

[0089] Generally, the human antibody or antigen-binding 
fragment of the present invention Will comprise an antigen 
binding region that comprises at least one human comple 
mentarity determining region (CDR1, CDR2 and CDR3) or 
variant of at least one heavy chain variable region and at 
least one human complementarity determining region 
(CDR4, CDR5 and CDR6) or variant of at least one light 
chain variable region, frameWork regions and a light chain 
and heavy chain constant region Which has been modi?ed as 
described. Such antibodies can be prepared by chemically 
joining together the various portions (e.g., CDRs, frame 
Work) of the antibody using conventional techniques, by 
preparing and expressing a (i.e., one or more) nucleic acid 
molecule that encodes the antibody using conventional 
techniques of recombinant DNA technology or by using any 
other suitable method. 
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[0090] Preferably, the S antibody or ligand-binding por 
tion or variant thereof binds at least one protein ligand or 
receptor, and thereby provides at least one biological activity 
of the corresponding protein or a fragment thereof. Different 
therapeutically or diagnostically signi?cant proteins are Well 
knoWn in the art and suitable assays or biological activities 
of such proteins are also Well knoWn in the art. S antibodies 
that bind any number of biologically active proteins may be 
used in conjunction With the present invention. Of particular 
interest are S antibodies that bind to, and thus modulate the 
activity of TNF, leptin, any of the interleukins (IL-1 through 
IL-23, etc.), and proteins involved in complement activation 
(e.g., C3b). Targeting proteins that are differentially 
expressed in certain disease states are also of interest, 
including proteins expressed on tumors and the like. All of 
these classes of ligands may be discovered by methods 
described in the references cited in this speci?cation and 
other references. A particularly preferred group of S anti 
bodies are those that bind to cytokine receptors. Cytokines 
have recently been classi?ed according to their receptor 
code (see Inglot 1997, Archivum Immunologiae T herapiae 
Experimentalis 45: 353-7, Which is hereby incorporated 
entirely by reference). 
[0091] Modi?ed S antibodies of the invention that com 
prise a modi?ed constant region can be prepared using 
suitable methods, such as phage display (Katsube, Y., et al., 
IntJMol. Med, 1(5):863-868 1998) or methods that employ 
transgenic animals, as knoWn in the art and/or as described 
herein. For example, the antibody, or a speci?ed portion or 
variant thereof, can be expressed using the encoding nucleic 
acid or portion thereof in a suitable host cell. 

[0092] The invention also relates to modi?ed antibodies 
that are substantially the same as an amino acid sequence 
described herein. Preferably, such antibodies or antigen 
binding fragments and antibodies comprising such chains or 
CDRs can bind the desired antigen With high affinity (e.g., 
KD less than or equal to about 10-9 M). Amino acid 
sequences that are substantially the same as the sequences 
described herein include sequences comprising conservative 
amino acid substitutions, as Well as amino acid deletions 
and/or insertions. A conservative amino acid substitution 
refers to the replacement of a ?rst amino acid by a second 
amino acid that has chemical and/or physical properties (e.g, 
charge, structure, polarity, hydrophobicity/ hydrophilicity) 
that are similar to those of the ?rst amino acid. Conservative 
substitutions include replacement of one amino acid by 
another Within the folloWing groups: lysine (K), arginine (R) 
and histidine aspartate (D) and glutamate aspar 
agine (N), glutamine (Q), serine (S), threonine (T), tyrosine 
(Y), K, R, H, D and E; alanine (A), valine (V), leucine (L), 
isoleucine (I), proline (P), phenylalanine (F), tryptophan 
(W), methionine (M), cysteine (C) and glycine (G); F, W and 
Y; C, S and T. 

[0093] An S antibody of the present invention can include 
one or more amino acid substitutions, deletions or additions, 
either from natural mutation or human manipulation, from 
the parent antibody from Which it Was derived. 

[0094] Amino acids in an S antibody of the present 
invention that are essential for function can be identi?ed by 
methods knoWn in the art, such as site-directed mutagenesis 
or alanine-scanning mutagenesis (e.g., Ausubel, supra, 
Chapters 8, 15; Cunningham and Wells, Science 244:1081 
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1085 1989). The latter procedure introduces single alanine 
mutations at every residue in the molecule. The resulting 
mutant molecules are then tested for biological activity, such 
as, but not limited to at least one S neutraliZing activity. Sites 
that are critical for antibody binding can also be identi?ed by 
structural analysis such as crystalliZation, nuclear magnetic 
resonance or photoaf?nity labeling (Smith, et al., J. M01. 
Biol. 224:899-904 1992; de Vos, et al., Science 255:306-312 
1992). 
[0095] S antibodies of the present invention can include, 
but are not limited to, at least one portion, sequence or 
combination selected from at least 5 of the contiguous amino 
acids of at least one of SEQ ID NOS: 1 

[0096] An S antibody can further optionally comprise a 
polypeptide of at least one of 70-100% of the contiguous 
amino acids of at least one of SEQ ID NOS: 1 

[0097] In one embodiment, the amino acid sequence of an 
immunoglobulin chain, or portion thereof (e.g., variable 
region, CDR) has about 70-100% identity (e.g., 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 or any range 
or value therein) to the amino acid sequence of the corre 
sponding chain of at least one of SEQ ID NOS: 1 For 
example, the amino acid sequence of a light chain variable 
region can be compared With the light chain sequence of 
SEQ ID NO: 1, or the amino acid sequence of a heavy chain 
CDR3 can be compared With the heavy chain CDR3 
sequence of SEQ ID NO: 1. Preferably, 70-100% amino acid 
identity (i.e., 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 or 
any range or value therein) is determined using a suitable 
computer algorithm, as knoWn in the art. 

[0098] As those of skill Will appreciate, the present inven 
tion includes at least one biologically active antibody of the 
present invention. Biologically active antibodies have a 
speci?c activity at least 20%, 30%, or 40%, and preferably 
at least 50%, 60%, or 70%, and most preferably at least 80%, 
90%, or 95%-100% of that of the native (non-synthetic), 
endogenous or related and knoWn antibodies. Methods of 
assaying and quantifying measures of enZymatic activity and 
substrate speci?city are Well knoWn to those of skill in the 
art. 

[0099] In another aspect, the modi?ed S antibody, as 
described herein, may be further modi?ed by the covalent 
attachment of an organic moiety. Such modi?cation can 
produce an antibody or antigen-binding fragment With 
improved pharmacokinetic properties (e.g., increased in 
vivo serum half-life). The organic moiety can be a linear or 
branched hydrophilic polymeric group, fatty acid group, or 
fatty acid ester group. In particular embodiments, the hydro 
philic polymeric group can have a molecular Weight of about 
800 to about 120,000 Daltons and can be a polyalkane glycol 
(e.g., polyethylene glycol (PEG), polypropylene glycol 
(PPG)), carbohydrate polymer, amino acid polymer or poly 
vinyl pyrolidone, and the fatty acid or fatty acid ester group 
can comprise from about eight to about forty carbon atoms. 

[0100] The modi?ed antibodies and antigen-binding frag 
ments of the invention can comprise one or more organic 
moieties that are covalently bonded, directly or indirectly, to 
the antibody. Each organic moiety that is bonded to an 
antibody or antigen-binding fragment of the invention can 
independently be a hydrophilic polymeric group, a fatty acid 
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group or a fatty acid ester group. As used herein, the term 
“fatty acid” encompasses mono-carboxylic acids and di 
carboxylic acids. A “hydrophilic polymeric group,” as the 
term is used herein, refers to an organic polymer that is more 
soluble in Water than in octane. For example, polylysine is 
more soluble in Water than in octane. Thus, an antibody 
modi?ed by the covalent attachment of polylysine is encom 
passed by the invention. Hydrophilic polymers suitable for 
modifying antibodies of the invention can be linear or 
branched and include, for example, polyalkane glycols (e. g., 
PEG, monomethoxy-polyethylene glycol (mPEG), PPG and 
the like), carbohydrates (e.g., dextran, cellulose, oligosac 
charides, polysaccharides and the like), polymers of hydro 
philic amino acids (e.g., polylysine, polyarginine, polyas 
partate and the like), polyalkane oxides (e.g., polyethylene 
oxide, polypropylene oxide and the like) and polyvinyl 
pyrolidone. Preferably, the hydrophilic polymer that modi 
?es the antibody of the invention has a molecular Weight of 
about 800 to about 150,000 Daltons as a separate molecular 
entity. For example PEG5000 and PEGZODOO’ Wherein the 
subscript is the average molecular Weight of the polymer in 
Daltons, can be used. The hydrophilic polymeric group can 
be substituted With one to about six alkyl, fatty acid or fatty 
acid ester groups. Hydrophilic polymers that are substituted 
With a fatty acid or fatty acid ester group can be prepared by 
employing suitable methods. For example, a polymer com 
prising an amine group can be coupled to a carboxylate of 
the fatty acid or fatty acid ester, and an activated carboxylate 
(e.g., activated With N, N-carbonyl diimidaZole) on a fatty 
acid or fatty acid ester can be coupled to a hydroxyl group 
on a polymer. 

[0101] Fatty acids and fatty acid esters suitable for modi 
fying antibodies of the invention can be saturated or can 
contain one or more units of unsaturation. Fatty acids that 
are suitable for modifying antibodies of the invention 
include, for example, n-dodecanoate (C12, laurate), n-tet 
radecanoate (C14, myristate), n-octadecanoate (C18, stear 
ate), n-eicosanoate (C20, arachidate), n-docosanoate (C22, 
behenate), n-triacontanoate (C30), n-tetracontanoate (C40), 
cisotot9-octadecanoate (C18, oleate), all C1S(X5,8,11,14-61C0 
satetraenoate (C20, arachidonate), octanedioic acid, tetrade 
canedioic acid, octadecanedioic acid, docosanedioic acid, 
and the like. Suitable fatty acid esters include mono-esters of 
dicarboxylic acids that comprise a linear or branched loWer 
alkyl group. The loWer alkyl group can comprise from one 
to about tWelve, preferably one to about six, carbon atoms. 

[0102] The modi?ed human antibodies and antigen-bind 
ing fragments can be prepared using suitable methods, such 
as by reaction With one or more modifying agents. A 
“modifying agent” as the term is used herein, refers to a 
suitable organic group (e.g., hydrophilic polymer, a fatty 
acid, a fatty acid ester) that comprises an activating group. 
An “activating group” is a chemical moiety or functional 
group that can, under appropriate conditions, react With a 
second chemical group thereby forming a covalent bond 
betWeen the modifying agent and the second chemical 
group. For example, amine-reactive activating groups 
include electrophilic groups such as tosylate, mesylate, halo 
(chloro, bromo, ?uoro, iodo), N-hydroxysuccinimidyl esters 
(NHS), and the like. Activating groups that can react With 
thiols include maleimide, iodoacetyl, acrylolyl, pyridyl dis 
ul?des, 5-thiol-2-nitrobenZoic acid thiol (TNB-thiol), and 
the like. An aldehyde functional group can be coupled to 
amine- or hydraZide-containing molecules, and an aZide 
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group can react With a trivalent phosphorous group to form 
phosphoramidate or phosphorimide linkages. Suitable meth 
ods to introduce activating groups into molecules are knoWn 
in the art (see e.g., Hermanson, G. T., Bioconjugate Tech 
niques, Academic Press San Diego, Calif. 1996). An acti 
vating group can be bonded directly to the organic group 
(e.g., hydrophilic polymer, fatty acid, fatty acid ester), or 
through a linker moiety, for example a divalent Cl-C12 group 
Wherein one or more carbon atoms can be replaced by a 
heteroatom such as oxygen, nitrogen or sulfur. Suitable 
linker moieties include, for example, tetraethylene glycol, 
—(CH2)3—> —NH—(CH2)6—NH—> —(CH2)2—NH— 
and —CH2—O—CH2—CH2—O—CH2—CH2—O— 
CH—NH—. Modifying agents that comprise a linker moi 
ety can be produced, for example, by reacting a mono-Boc 
alkyldiamine (e.g., mono-Boc-ethylenediamine, mono-Boc 
diaminohexane) With a fatty acid in the presence of 1-ethyl 
3-(3-dimethylaminopropyl) carbodiimide (EDC) to form an 
amide bond betWeen the free amine and the fatty acid 
carboxylate. The Boc protecting group can be removed from 
the product by treatment With tri?uoroacetic acid (TFA) to 
expose a primary amine that can be coupled to another 
carboxylate as described, or can be reacted With maleic 
anhydride and the resulting product cycliZed to produce an 
activated maleimido derivative of the fatty acid. (See e.g., 
Thompson, et al., WO 92/16221; the entire teachings of 
Which are incorporated herein by reference.) 

[0103] The modi?ed antibodies of the invention can be 
produced by reacting a human antibody or antigen-binding 
fragment With a modifying agent. For example, the organic 
moieties can be bonded to the antibody in a non-site speci?c 
manner by employing an amine-reactive modifying agent, 
for example, an NHS ester of PEG. Modi?ed human anti 
bodies or antigen-binding fragments can also be prepared by 
reducing disul?de bonds (e.g., intra-chain disul?de bonds) 
of an antibody or antigen-binding fragment. The reduced 
antibody or antigen-binding fragment can then be reacted 
With a thiol-reactive modifying agent to produce the modi 
?ed antibody of the invention. Modi?ed human antibodies 
and antigen-binding fragments comprising an organic moi 
ety that is bonded to speci?c sites of an antibody of the 
present invention can be prepared using suitable methods, 
such as reverse proteolysis (Fisch et al., Bioconjugate 
Chem, 3:147-153 1992; Werlen et al., Bioconjugate Chem, 
5:411-417 1994; Kumaran et al., Protein Sci. 6(10):2233 
2241 1997; Itoh et al., Bioorg. Chem, 24(1): 59-68 1996; 
Capellas et al., Biotechnol. Bioeng., 56(4):456-463 1997; 
and the methods described in Hermanson, G. T., Bioconju 
gate Techniques, Academic Press San Diego, Calif. 1996) 

[0104] F. Preparation of Modi?ed S Antibodies 

[0105] Human genes Which encode the constant (C) 
regions of the chimeric antibodies, fragments and regions of 
the present invention can be derived from a human fetal liver 
library by knoWn methods. Human C region genes can be 
derived from any human cell including those Which express 
and produce human immunoglobulins. The human CH 
region can be derived from any of the knoWn classes or 
isotypes of human H chains, including y, p, 0t, 6, e, and 
subtypes thereof, such as G1, G2, G3 and G4. Since the H 
chain isotype is responsible for the various effector functions 
of an antibody, the choice of CH region Will be guided by the 
desired effector functions, such as complement ?xation, or 
activity in antibody-dependent cellular cytotoxicity 
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(ADCC). Preferably, the CH region is derived from Y1 
(IgG1).The human CL region can be derived from either 
human L chain isotype, K or 2», preferably K. 

[0106] Genes encoding human immunoglobulin C regions 
are obtained from human cells by standard cloning tech 
niques (Sambrook, et al. Molecular Cloning: A Laboratory 
Manual, 2nd Edition, Cold Spring Harbor Press, Cold Spring 
Harbor, NY. 1989; Ausubel et al, eds. Current Protocols in 
Molecular Biology 1987-1993). Human C region genes are 
readily available from knoWn clones containing genes rep 
resenting the tWo classes of L chains, the ?ve classses of H 
chains and subclasses thereof. Chimeric antibody fragments, 
such as F(ab1)2 and Fab, can be prepared by designing a 
chimeric H chain gene Which is appropriately truncated. For 
eXample, a chimeric gene encoding an H chain portion of an 
F(ab1)2 fragment Would include DNA sequenes encoding the 
CH1 domain and hinge region of the H chain, folloWed by 
a translational stop codon to yield the truncated molecule. 

[0107] Generally, the murine, human or murine and chi 
meric antibodies, fragments and regions of the present 
invention are produced by cloning DNA segments encoding 
the H and L chain antigen-binding regions of a speci?c 
antibody, and joining these DNA segments to DNA seg 
ments encloding CH and CL regions, respectively, to produce 
murine, human or chimeric immunoglobulin-encoding 
genes. 

[0108] Thus, in a preferred embodiment, a fused chimeric 
gene is created Which comprises a ?rst DNA segment that 
encodes at least the antigen-binding region of non-human 
origin, such as a functionally rearranged V region With 
joining (J) segment, linked to a second DNA segment 
encoding at least a part of a human C region containing the 
inserted sequence. 

[0109] The sequences of the variable, constant or insert 
sequence, may be modi?ed by insertions, substitutions and 
deletions to the eXtent that the chimeric antibody maintains 
the ability to bind to and inhibit the antigen of interest. The 
ordinarily skilled artisan can ascertain the maintenance of 
this activity by performing the functional assays applicable. 

[0110] The S antibody of the present invention can be 
optionally produced by a cell line, a miXed cell line, an 
immortaliZed cell or clonal population of immortaliZed cells, 
as Well knoWn in the art. (See, e.g., Ausubel, et al., ed., 
Current Protocols in Molecular Biology, John Wiley & 
Sons, Inc., NY, NY. 1987-2001; Sambrook, et al., Molecu 
lar C loning:A Laboratory Manual, 2nd Edition, Cold Spring 
Harbor, NY. 1989; HarloW and Lane, antibodies, a Labo 
ratory Manual, Cold Spring Harbor, NY. 1989; Colligan, et 
al., eds., Current Protocols in Immunology, John Wiley & 
Sons, Inc., NY 1994-2001; Colligan et al., CurrentProtocols 
in Protein Science, John Wiley & Sons, NY, NY. 1997 
2001, each entirely incorporated herein by reference.) 

[0111] In one approach, a hybridoma is produced by 
fusing a suitable immortal cell line (e.g., a myeloma cell line 
such as, but not limited to, Sp2/0, Sp2/0-AG14, NS/O, NS1, 
NS2, AE-1, L.5, >243, P3X63Ag8.653, Sp2 SA3, Sp2 MAI, 
Sp2 SS1, Sp2 SA5, U937, MLA 144, ACT IV, MOLT4, 
DA-1, JURKAT, WEHI, K-562, COS, RAJI, NIH 3T3, 
HL-60, MLA 144, NAMAIWA, NEURO 2A, or the like, or 
heteromylomas, fusion products thereof, or any cell or 
fusion cell derived therefrom, or any other suitable cell line 
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as knoWn in the art. (See, e.g., WWW.atcc.org, WWW.lifetech 
.com.), and the like, With antibody producing cells, such as, 
but not limited to, isolated or cloned spleen, peripheral 
blood, lymph, tonsil, or other immune or B cell containing 
cells, or any other cells expressing heavy or light chain 
constant or variable or frameWork or CDR sequences, either 

as endogenous or heterologous nucleic acid, as recombinant 
or endogenous, viral, bacterial, algal, prokaryotic, amphib 
ian, insect, reptilian, ?sh, mammalian, rodent, equine, ovine, 
goat, sheep, primate, eukaryotic, genomic DNA, cDNA, 
rDNA, mitochondrial DNA or RNA, chloroplast DNA or 
RNA, hnRNA, mRNA, tRNA, single, double or triple 
stranded, hybridiZed, and the like or any combination 
thereof. (See, e.g., Ausubel, supra, and Colligan, Immunol 
ogy, supra, chapter 2, entirely incorporated herein by refer 
ence.) 
[0112] Any other suitable host cell can also be used for 
expressing heterologous or endogenous nucleic acid encod 
ing an antibody, speci?ed fragment or variant thereof, of the 
present invention. The fused (hybridomas) or recombinant 
cells can be isolated using selective culture conditions or 
other suitable knoWn methods, and cloned by limiting dilu 
tion, cell sorting, or other knoWn methods. Cells Which 
produce antibodies With the desired speci?city can be 
selected by a suitable assay (e.g., ELISA). 

[0113] Methods for engineering or humaniZing non-hu 
man or human antibodies can be used and are Well knoWn in 
the art. Generally, a humaniZed or engineered antibody has 
one or more amino acid residues from a source Which is 

non-human. These human amino acid residues are often 
referred to as “import” residues, Which are typically taken 
from an “import” variable, constant or other domain of a 
knoWn human sequence. KnoWn human lg 

[0114] sequences are disclosed; (e.g., WWW.ncbi.nlm.ni 
h. gov/entreZ/query.fcgi; 

[0115] WWW.atcc.org/phage/hdb.html; 
.com/; WWW.abcam.com/; 

WWWsciquest 

[0116] WWW.antibodyresource.com/onlinecomp.html; 
[0117] WWW.public.iastate.edu/ ~pedro/research 

_tools.html; WWW.mgen.uni-heidelberg.de/SD/IT/IT/ 
.html; WWW.Whfreeman.com/immunology/CH05/ 
kuby05 .htm; 

[0118] WWW.library.thinkquest.org/12429/Immune/An 
tibody.html; 

[0119] WWW.hhmi.org/grants/lectures/1996/vlab/; 
WWW.path.cam.ac.uk/ ~mrc7/mikeimages.html; 

[0120] WWW.antibodyresource.com/; 
[0121] mcb.harvard.edu/BioLinks/Immunology.html 

.WWW.immunologylink.com/; 

[0122] pathboX.Wustl.edu/~hcenter/indeX.html; WWW 
.biotech.u?.edu/~hcl/; 

[0123] WWW.pebio.com/pa/340913/340913.html; 
WWW.nal.usda. gov/aWic/pubs/antibody/; 

[0124] WWW.m.ehime-u.ac.jp/~yasuhito/Elisa.html; 
WWW.biodesign.com/table.asp; 

[0125] WWW.icnet.uk/aXp/facs/davies/links.html; WWW 
.biotech.u?.edu/~fccl/protocol.html; 
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[0126] WWW.isac-net.org/sites_geo.html; 
aximt1.imt.uni-marburg.de/~rek/AEPStart.html; 

[0127] baserv.uci.kun.nl/~jraats/links1.html; 
cab .uni-hd.de/immuno .bme.nWu.edu/; 

WWW. re 

[0128] WWW.mrc-cpe.cam.ac.uk/imt-doc/public/IN 
TRO.html; WWW.ibt.unam.mx/vir/V_mice.html; 

[0129] imgt.cnusc.fr:8104/;WWW.biochem.ucl.ac.uk/ 
~martin/abs/index.html; antibody.bath.ac.uk/; 

[0130] 
[0131] WWW.uniZh.ch/~honegger/AHOseminar/ 

Slide0.1.html; WWW.cryst.bbk.ac.uk/~ubcg07s/; 

abgen.cvm.tamu.edu/lab/WWWabgen.html; 

[0132] WWW.nimr.mrc.ac.uk/CC/ccaeWg/ccaeWg.htm; 

[0133] WWW.path.cam.ac.uk/~mrc7/humanisation/ 
TAHHP.html; 

[0134] WWW.ibt.unam.mx/vir/structure/stat_aim.html; 
[0135] WWW.biosci.missouri.edu/smithgp/index.html; 

WWW.cryst.bioc.cam.ac.uk/~fmolina/Web-pages/Pept/ 
spottech.html; WWW.jerini.de/fr_products.htm; WWW 
.patents.ibm.com/ibm.html; Kabat et al., Sequences of 
Proteins of Immunological Interest, US. Dept. Health 
1983; each entirely incorporated herein by reference.) 

[0136] Such imported sequences can be used to reduce 
immunogenicity or reduce, enhance or modify binding, 
af?nity, on-rate, off-rate, avidity, speci?city, half-life, or any 
other suitable characteristic, as knoWn in the art. Generally 
part or all of the non-human or human CDR sequences are 
maintained While the non-human sequences of the variable 
and constant regions are replaced With human or other 
amino acids. Antibodies can also be humaniZed With reten 
tion of high af?nity for the antigen and other favorable 
biological properties. To achieve this goal, humaniZed anti 
bodies can be optionally prepared by a process of analysis of 
the parental sequences and various conceptual humaniZed 
products using three-dimensional models of the parental and 
humaniZed sequences. Three-dimensional immunoglobulin 
models are commonly available and are familiar to those 
skilled in the art. Computer programs are available Which 
illustrate and display probable three-dimensional conforma 
tional structures of selected candidate immunoglobulin 
sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the 
candidate immunoglobulin sequence, i.e., the analysis of 
residues that in?uence the ability of the candidate immuno 
globulin to bind its antigen. In this Way, FR residues can be 
selected and combined from the consensus and import 
sequences so that the desired antibody characteristic, such as 
increased af?nity for the target antigen(s), is achieved. In 
general, the CDR residues are directly and most substan 
tially involved in in?uencing antigen binding. HumaniZation 
or engineering of antibodies of the present invention can be 
performed using any knoWn method, such as but not limited 
to those described in: (Winter, Jones et al., Nature 321:522 
1986; Riechmann et al., Nature 332:323 1988; Verhoeyen et 
al., Science 239:1534 1988; Sims et al., J. Immunol. 151: 
2296 1993; Chothia and Lesk, J. Mol. Biol. 196:901 1987; 
Carter et al., Proc. Natl. Acad. Sci. USA. 89:4285 1992; 
Presta et al., J. Immunol. 15112623 1993; US. Pat. Nos: 
5,723,323, 5,976,862, 5,824,514, 5,817,483, 5,814,476, 
5,763,192, 5,723,323, 5,766,886, 5,714,352, 6,204,023, 
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6,180,370, 5,693,762, 5,530,101, 5,585,089, 5,225,539; 
4,816,567, PCT/1 US98/16280, US96/18978, US91/09630, 
US91/05939, US94/01234, GB89/01334, GB91/01134, 
GB92/01755; WO90/14443, WO90/14424, WO90/14430, 
EP 229246, each entirely incorporated herein by reference, 
included references cited therein.) 

[0137] Antibodies of the present invention can also be 
prepared using at least one S antibody encoding nucleic acid 
to provide transgenic animals or mammals, such as goats, 
coWs, horses, sheep, and the like, that produce such anti 
bodies in their milk. Such animals can be provided using 
knoWn methods. (See, e.g., but not limited to, US. Pat. Nos: 
5,827,690; 5,849,992; 4,873,316; 5,849,992; 5,994,616, 
5,565,362; 5,304,489, and the like, each of Which is entirely 
incorporated herein by reference.) 
[0138] Antibodies of the present invention can addition 
ally be prepared using at least one S antibody encoding 
nucleic acid to provide transgenic plants and cultured plant 
cells (e.g., but not limited to tobacco and maiZe) that 
produce such antibodies, speci?ed portions or variants in the 
plant parts or in cells cultured therefrom. As a non-limiting 
example, transgenic tobacco leaves expressing recombinant 
proteins have been successfully used to provide large 
amounts of recombinant proteins, e.g., using an inducible 
promoter. (See, e.g., Cramer et al., Curr Top. Microbol. 
Immunol. 240195-118 1999) and references cited therein. 
Also, transgenic maiZe has been used to express mammalian 
proteins at commercial production levels, With biological 
activities equivalent to those produced in other recombinant 
systems or puri?ed from natural sources. (See, e.g., Hood et 
al., Adv. Exp. Med. Biol. 464:127-147 1999 and references 
cited therein.) Antibodies have also been produced in large 
amounts from transgenic plant seeds including antibody 
fragments, such as single chain antibodies (scFv’s), includ 
ing tobacco seeds and potato tubers. (See, e.g., Conrad et al., 
Plant Mol. Biol. 38:101-109 1998 and reference cited 
therein.) Thus, antibodies of the present invention can also 
be produced using transgenic plants, according to knoW 
methods. (See also, e.g., Fischer et al., Biotechnol. Appl. 
Biochem. 30:99-108 October, 1999: Ma et al., Trends Bio 
technol. 13:522-7 199; Ma et al., Plant Physiol. 109:341-6 
1995; Whitelam et al., Biochem. Soc. Trans. 22:940-944 
1994; and references cited therein; each of the above refer 
ences is entirely incorporated herein by reference.) 

[0139] The affinity or avidity of an antibody for an antigen 
can be determined experimentally using any suitable 
method. (See, for example, BerZofsky, et al., “Antibody 
Antigen Interactions,” In Fundamental Immunology, Paul, 
W. E., Ed., Raven Press NY, NY. 1984; Kuby, Janis Immu 
nology, W. H. Freeman and Company NY, NY. 1992; and 
methods described herein.) The measured af?nity of a par 
ticular antibody-antigen interaction can vary if measured 
under different conditions (e.g., salt concentration, pH). 
Thus, measurements of af?nity and other antigen-binding 
parameters (e.g., KD, K8, Kd) are preferably made With 
standardiZed solutions of antibody and antigen, and a stan 
dardiZed buffer, such as the buffer described herein. 

[0140] G. Nucleic Acid Molecules 

[0141] Using the information provided herein, a nucleic 
acid molecule of the present invention encoding at least one 
S antibody can be obtained using methods described herein 
or as knoWn in the art. 
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[0142] Nucleic acid molecules of the present invention can 
be in the form of RNA, such as mRNA, hnRNA, tRNA or 
any other form, or in the form of DNA, including, but not 
limited to, cDNA and genomic DNA obtained by cloning or 
produced synthetically, or any combinations thereof. The 
DNA can be triple-stranded, double-stranded or single 
stranded, or any combination thereof. Any portion of at least 
one strand of the DNA or RNA can be the coding strand, also 
knoWn as the sense strand, or it can be the non-coding 
strand, also referred to as the anti-sense strand. 

[0143] Isolated nucleic acid molecules of the present 
invention can include nucleic acid molecules comprising an 
open reading frame (ORF), optionally With one or more 
introns, at least one speci?ed portion of at least one CDR, as 
CDR 1, CDR2 and/or CDR3 of at least one heavy chain or 
light chain nucleic acid molecules comprising the coding 
sequence for an S antibody and nucleic acid molecules 
Which comprise a nucleotide sequence substantially differ 
ent from those described above but Which, due to the 
degeneracy of the genetic code, still encode at least one such 
S antibody as described herein and/or as knoWn in the art. Of 
course, the genetic code is Well knoWn in the art. Thus, it 
Would be routine for one skilled in the art to generate such 
degenerate nucleic acid variants that code for speci?c anti-S 
antibodies of the present invention. (See, e.g., Ausubel, et 
al., supra), and such nucleic acid variants are included in the 
present invention.. 

[0144] As indicated herein, nucleic acid molecules of the 
present invention Which comprise a nucleic acid encoding an 
anti-S antibody can include, but are not limited to, those 
encoding the amino acid sequence of an antibody fragment 
by itself, the coding sequence for the entire antibody or a 
portion thereof, the coding sequence for an antibody, frag 
mentor portion, as Well as additional sequences, such as the 
coding sequence of at least one signal leader or fusion 
peptide, With or Without the aforementioned additional cod 
ing sequences, such as at least one intron, together With 
additional, non-coding sequences, including but not limited 
to, non-coding 5‘ and 3‘ sequences, such as the transcribed, 
non-translated sequences that play a role in transcription, 
mRNA processing, including splicing and polyadenylation 
signals (for example—ribosome binding and stability of 
mRNA); an additional coding sequence that codes for addi 
tional amino acids, such as those that provide additional 
functionalities. Thus, the sequence encoding an antibody can 
be fused to a marker sequence, such as a sequence encoding 
a peptide that facilitates puri?cation of the fused antibody 
comprising an antibody fragment or portion. 

[0145] H. Polynucleotides Which Selectively HybridiZe to 
a Polynucleotide as Described Herein 

[0146] The present invention provides isolated nucleic 
acids that hybridiZe under selective hybridiZation conditions 
to a polynucleotide disclosed herein. Thus, the polynucle 
otides of this embodiment can be used for isolating, detect 
ing, and/or quantifying nucleic acids comprising such poly 
nucleotides. For example, polynucleotides of the present 
invention can be used to identify, isolate, or amplify partial 
or full-length clones in a deposited library. In some embodi 
ments, the polynucleotides are genomic or cDNA sequences 
isolated, or otherWise complementary to, a cDNA from a 
human or mammalian nucleic acid library. 

[0147] Preferably, the cDNA library comprises at least 
80% full-length sequences, preferably at least 85% or 90% 
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full-length sequences, and more preferably at least 95% 
full-length sequences. The cDNA libraries can be normal 
iZed to increase the representation of rare sequences. LoW or 
moderate stringency hybridiZation conditions are typically, 
but not exclusively, employed With sequences having a 
reduced sequence identity relative to complementary 
sequences. Moderate and high stringency conditions can 
optionally be employed for sequences of greater identity. 
LoW stringency conditions alloW selective hybridiZation of 
sequences having about 70% sequence identity and can be 
employed to identify orthologous or paralogous sequences. 

[0148] Optionally, polynucleotides of this invention Will 
encode at least a portion of an antibody encoded by the 
polynucleotides described herein. The polynucleotides of 
this invention embrace nucleic acid sequences that can be 
employed for selective hybridiZation to a polynucleotide 
encoding an antibody of the present invention. (See, e.g., 
Ausubel, supra; Colligan, supra; each entirely incorporated 
herein by reference.) 

[0149] I. Construction of Nucleic Acids 

[0150] The isolated nucleic acids of the present invention 
can be made using (a) recombinant methods, (b) synthetic 
techniques, (c) puri?cation techniques, or combinations 
thereof, as Well-knoWn in the art. 

[0151] The nucleic acids can conveniently comprise 
sequences in addition to a polynucleotide of the present 
invention. For example, a multi-cloning site comprising one 
or more endonuclease restriction sites can be inserted into 
the nucleic acid to aid in isolation of the polynucleotide. 
Also, translatable sequences can be inserted to aid in the 
isolation of the translated polynucleotide of the present 
invention. For example, a hexa-histidine marker sequence 
provides a convenient means to purify the proteins of the 
present invention. The nucleic acid of the present inven 
tion—excluding the coding sequence—is optionally a vec 
tor, adapter, or linker for cloning and/or expressing a poly 
nucleotide of the present invention. 

[0152] Additional sequences can be added to such cloning 
and/or expression sequences to optimiZe their function in 
cloning and/or expression, to aid in isolation of the poly 
nucleotide, or to improve the introduction of the polynucle 
otide into a cell. Use of cloning vectors, expression vectors, 
adapters, and linkers is Well knoWn in the art. (See, e.g., 
Ausubel, supra; or Sambrook, supra) 

[0153] J. Recombinant Methods for Constructing Nucleic 
Acids 

[0154] The isolated nucleic acid compositions of this 
invention, such as RNA, cDNA, genomic DNA, or any 
combination thereof, can be obtained from biological 
sources using any number of cloning methodologies knoWn 
to those of skill in the art. In some embodiments, oligo 
nucleotide probes that selectively hybridiZe, under stringent 
conditions, to the polynucleotides of the present invention 
are used to identify the desired sequence in a cDNA or 
genomic DNA library. The isolation of RNA, and construc 
tion of cDNA and genomic libraries, is Well knoWn to those 
of ordinary skill in the art. (See, e.g., Ausubel, supra; or 
Sambrook, supra) 




































